Infections caused by resistant pathogens result in significant morbidity and mortality and contribute to rising healthcare cost worldwide. The major mechanisms of resistance are permeability barrier of the outer membrane of Gram-negative bacteria as it slows down antibiotic entry into the periplasm. One approach to the restoration of antibiotic activity is to administer them in conjunction with non-antibiotic compounds that depress resistance mechanism. The present study aimed to study the effect of gallic acid, thymol, chitosan, sorbic acid, and EDTA on outer membrane permeability of irradiated and non-irradiated strains to enhance the activity of different antibiotics against multidrug resistance microorganisms. The plasmid profile analysis of some selected strains before and after irradiation was also determined. Various resistance rates were recorded for the tested antimicrobial agents.
The outer membrane of Gram-negative bacteria is a semipermeable barrier to the uptake of most hydrophilic molecules larger than certain size (McPhee et al., 2009).This decrease in penetration is responsible for the intrinsic resistance of Gram-negative bacteria to certain antibiotics. Therefore Gram-negative bacteria tend to have higher intrinsic resistance to most antibiotics than their Gram-positive counterparts due to their restricted permeability (Denyer and Maillard, 2002) . Lipopolysaccharides characterize the outer membrane of Gram-negative bacteria. They are the principal component of the outer envelope and carry a net negative charge. They are responsible, sometimes in large part, for the impermeability of these microorganisms to antibiotics (Nikaido, 1996 & Wiese et al., 1999 . Control of Gram-negative bacteria is hampered by the outer membrane (OM) in the outermost layer of the cells. This layer limits the arsenal of antibiotics that are effective in treating Gramnegative bacterial infections. To improve the efficacy of antibiotics, it is necessary to explore methods which improves diffusion of antibiotics and bypasses the bacterial membrane barrier, which is responsible for the general antibiotic resistance in Gram-negative bacteria. Many compounds have been reported to affect membrane permeability of a diverse range of microorganisms, mainly due to the perturbation of the lipid fraction of the cell membrane as they disintegrate the LPS layer. Also, owing to their lipophilic character, they can increase membrane permeability. Such permeabilizers, as they have been termed, are compounds that weaken the OM, can non-specifically enhance the permeability of bacterial cells to exogenous products, including antimicrobial agents, and may therefore potentiate the antibacterial activity of antibiotics that interact with intracellular targets (Abreu et al., 2013 &Yap et al., 2014).
2.Materials and methods:
Microbial cultures collection: Microbial cultures were isolated from urine, blood, ascitic fluid, wound (pus), sputum, throat and stool specimens. Media used: Media used for isolation and cultivation were carried out on the following agar media (Oxoid-England) according to samples and specimens tested, [nutrient agar (NA), blood agar, MacConkey's no.3, sabouraud dextrose agar, cystine lactose electrolyte deficient Agar, xylose,lysin desoxycholate agar, desoxycholate citrate agar, salmonella shigella agar and tryptic soy broth(TSB)]. Stock culture of all isolates were maintained at 4C 0 on agar slants and subcultured every two month. Identification of the isolated pathogenic bacteria: -The identification was carried out by using MicroScan WalkAway-96 SI System (Dade Behring, Germany) at the National Cancer Institute, Cairo, Egypt. Antibiotic sensitivity test by disc diffusion method: All bacterial isolates, were subjected to sensitivity test by the disk diffusion technique according to Kirby-Bauer Disk Diffusion Susceptibility test using 24 different antimicrobial agents with different mode of action (oxoidEngland) amoxycillin\clavulanic acid (AMC, 30μg),ampicillin\sulbactam (SAM, 20μg),, piperacillin (PRL, 100µg ) , piperacillin tazobactam (TZP, 110µg), cefoxitin (FOX, 30µg), cefotaxime (CTX, 30µg), ceftazidime (CAZ, 30µg), cefoperazone (CFP, 75μg), cefoperazone\sulbactam (SCF, 5μg), cefepime (FEP, 30μg ), aztreonam ( ATM, 30µg ) and imipenem (IPM, 10µg ),amikacin (AK, 30μg), gentamycine (CN, 10μg), erythromycin (E, 15μg) ,azithromycin (AZM, 10μg), nalidixic acid (NA, 30μg), nitrofurantoin (F, 300μg), , ofloxacin (OFX, 5μg), colistin sulfate (CT, 30μg), sulphamethoxazole trimethoprime (SXT, 25μg) and rifampicin (RD, 30μg) acting only on gram-positive bacteria .According to ( Bauer et al., 1966 & National Committee for Clinical Laboratory Standards (NCCLS, 2010), the diameters of inhibition zones were recorded after 18 to 24h at 37 0 C,then resistant and susceptible strains were determined. Screening for the antibacterial potential of the permeabilizers )Phytochemicals(:-This method is used to determine the antibacterial activity of each permeabilizers against four bacterial isolates as described by (Nascimento et al., 2000) .The bacterial cultures were grown in NA medium at 37 °C. After overnight incubation, few colonies were inoculated into sterile NB tubes. The tubes were incubated at 37±1ºC for 2-4 hours until visible turbidity were detected .The growth of each microorganism, at a concentration of cells/mL, was inoculated on the surface of NA plates. Subsequently, filter paper discs (6 mm in diameter) saturated either with extract or phytochemicals (50 μL) were placed on surface of each inoculated plate. The plates were incubated at 37 °C for 24h. Effect of some permeabilizers on antimicrobial susceptibility of pathogenic microorganisms: This test was carried out to investigate the effect of some permeabilizers [Gallic acid, Thymol, Sorbic acid, and Chitosan) to increase the susceptibility of selected highly resistant pathogenic bacterial strains to different antibiotics as described by (Ayres et  al., 1999 & Denny et al., 2003) . Twelve different antimicrobial agents were evaluated for synergism assay: Cefoperazone (CFP) (75 μg) ,ceftazidime (CAZ) (30μg ), aztreonam (ATM) ( 30 µg) , piperacillin (PRL) (100 μg), erythromycin (E) (10 mg), azithromycin (AZM) (15μg ), gentamycin (CN) (10μg ), nitrfurantoin (F) (300μg ), novobiocin (NV) (30μg) and nalidixic acid (NA) (30μg) For non-beta lactamase producer organisms. Permeabilizer solutions (10 ml) of varying concentrations were mixed with a 10 ml volume of nutrient double strength agar. The cell suspension (0·25 ml) was pipetted onto the surface of each plate and spread evenly with a dry sterile swab. The inoculated plates were allowed to dry for 1 h, then antibiotic discs were placed onto the agar surface and the plates were left for 1 h at 20 °C for diffusion to occur. The plates were incubated at 37 °C for 24 hrs. and the zones of inhibition were measured. Determination of Zeta Potential:-Zeta potential experiments were performed according to (Monte et al., 2014) . The overnight cultures of E. coli was centrifuged at 3777 g for 10 min and washed twice with sterile water. Cells suspensions (at a final concentration of cells/mL), prepared in sterile tap water, suspension of E. coli was incubated with permeabilizers (gallic acid, thymol and chitosan) for 30 min at 30 ± 3°C. Cells suspensions without permeabilizers were used as control. The zeta potential experiments were performed using a Zeta potential/particle sizer instrument (PSS.NICOMP particle sizing systems, Santa Barbara, California, USA). All experiments were carried out in triplicate at room temperature and were repeated at least at three different occasions. Effect of in-vitro gamma irradiation on the multi-drug resistant identified strains: Each tested bacterial strains was inoculated in 20ml (NB) and incubated at 37 C 0 for 24 hours. The culture obtained was divided under sterile conditions into 2ml aliquots in 2 groups. One of them exposed to gamma radiation dose level of 24.4 Gy and the second group remained as a control. Both groups of microorganisms were subjected to: Permeability assay (Bacteriolysis assay):-.The bacteriolytic effect was assayed on Nunclon microtitre plates (Nunc) by measuring the OD405 of bacterial cultures according to (Helander et al., 1997 & Alakomi et al., 2003 . First, the bacteria were grown to 0.5 at OD630, then cells were deposited by centrifugation (1000g) for 10 min at room temperature and resuspended in a similar volume of 10 mM HEPES/50 mM NaCl. This suspension was divided into two portions, one of which was supplemented with permeabilizers .The suspensions were incubated at room temperature for 10 min, centrifuged and cells resuspended in the buffer without permeabilizer. Aliquots ( cells in 100µ l) in quadruplicate were then pipetted into microtitre wells, which already contained appropriate amounts of lysozyme (10 μg ), SDS (0.05 and 0.1 %), Triton X-100 (0.1 and 1.0%) or buffer only, and the OD405 was monitored. Plasmid analysis of some multi-drug resistant bacterial isolates before and after in-vitro gamma irradiation:-The isolation of plasmid from three multi-drug resistant Gram-negative selected strains Escherichia coli (no.27) and Pseudomonas aeruginosa (no. 48 ) was carried out by the high pure plasmid isolation kit , which includes the following components:-Resuspension solution, RNase A (dry powder), Lysis solution , Neutralization solution, Wash solution, Elution buffer, high pure filter tubes and collection tubes. Agarose gel electrophoresis for isolation of plasmid DNA: Electrophoresis of plasmid DNA was done on horizontal gel apparatus. Agarose (1.0%) in 1X TBE buffer was prepared. Ten microliters of plasmid DNA and 2 μl of loading buffer were mixed well and loaded into the gel containing 10 μl ethidium bromide (1μg/ml in water). The electrophoresis was conducted for 90 -120 min at constant voltage75v. .The gel was examined on transilluminator at wave length 312 nm. Photography was carried out by a Polaroid camera sp 34 with specific Polaroid film No 667. 3. Results and Discussion: 3.1. Results: In this study as represented in Table ( 1) , out of all positive cases of microbial growth, 81 isolates were collected from them, 66 isolates were Gram-negative bacilli (81.48%), 13 isolates were Gram-positive cocci (16.05%) and 2 isolates were yeast (2.47%) isolated out of 105 clinical samples and specimens. The obtained results showed that, 31 urine samples were collected ,pathogenic microorganisms were isolated from 23 samples as (30.86%), out of 30 ascitic fluid samples, 19 samples were positive for pathogenic microorganism representing (23.46%),all collected blood samples and wound (pus) swabs were positive cases representing (22.22% & 11.11%) of total positive cases, five pathogenic isolates were obtained from sputum out of 7 samples as (6.17%) of total positive cases, seven throat swabs were collected, 4 were positive as (4.94%) and only 3 stool specimens gave only one positive specimen. Identification of pathogenic bacteria from different clinical samples and specimens: All bacterial isolates were identified on the basis of their morphological and biochemical characteristics. Then, the identification was confirmed by using the MicroScan WalkAway-96 SI System (Dade Behring, Germany) at the National Cancer Institute, Cairo, Egypt. Identification was carried out for all strains isolated before radiotherapy (RT). The bacterial isolates were isolated from different sources out of 105 patients revealed that, the isolation of 16 species of pathogenic bacteria belonging to 8 genera, these genera were Escherichia, Acinetobacter, Pseudomonas, Klebsiella, Enterobacter, Proteus, Citrobacter, and Staphylococcus. They represented 30 (37.97%), 13 (16.46%), 9 (11.39%), 6 (7.59%), 4 (5.06%), 3 (3.80%), 1 (1.27%), and 13 (16.46 %) out of the total bacterial isolates respectively. Antimicrobial sensitivity test for all pathogenic Gram-negative bacterial isolates to different antimicrobial agents: The frequencies of resistant against different antibiotics by mode of action were determined as shown in fig (1a, 1b, and1c ). The percentage of antibiotic resistance against Gram-negative bacterial isolates showed completely resistance to erythromycin E (100%),followed by novobiocin NV (90.91%), piperacillin PRL (84.85%),then cefoperazone CFP (83.33%), ampicillin sulbactam SAM and cefotaxime CTX showed the same percentage of antibiotic resistance (74.24%) to bacterial isolates. While Gram-negative bacterial isolates were less resistant to amikacin AK (34.85), colistin sulfate (CT) (30.30%), meropenem MEM (10.61%), finally imipenem IPM (6.06%). 
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Evaluation of antibacterial potential of phytochemicals (permeabilizers): It was clear that, Gram-negative bacterial isolates had different susceptibility to phytochemicals. E. coli, which is already known to be multiresistant to drugs, was also resistant to the phytochemicals tested. It was susceptible only to sorbic acid at10 mM. On the other hand, A. baumann and P. aeruginosa, which that also resistant to different antibiotics, there growth only inhibited by chitosan at 250 ppm. While, E. cloacae showed the highest susceptibility to phytochemicals than those of resistant species, it was susceptible to gallic acid at 700 μg/ml, ellagic acid at 50 μM , thymol at 600 μg/ml, and sorbic acid at 10 mM. The selection of the tested permeabilizers concentrations based on no antibacterial activity with the tested microorganism. Effect of some permeabilizers on antimicrobial susceptibility of pathogenic microorganisms:-The results in this study showed that, the positive effect of permeabilizers in combination with different classes of antibiotics against selected bacterial isolates ; as most of permeabilizers changed the susceptibility of selected bacterial isolates from being completely resistance to moderate resistance or sensitive are shown in fig (2a,2b,and2c ). 
Determination of Zeta Potential:
The surface charge of the cells is often determined as its zeta potential, which is measured from the mobility of cells in the presence of an electrical field under well-known conditions (pH and salt concentrations). At physiologic conditions, most of the microorganisms are negatively charged due to the presence of anionic groups, such as carboxyl and phosphate, in their membranes. The bacterial E. coli strain presents a negative surface charge: −19.0 mV. After exposure to permeabilizers, changes in the surface charge of cells to less negative values were verified. The first one was able to make the membrane surface to become -14.0 mV, while the exposure to thymol changed the surface charge of cells to less negative values-10.0 mV. While the interaction between bacteria and chitosan change the surface charge of cells to -17.0 mV. Permeability assay for non-beta lactamase isolates: -Increased permeability of the OM is also manifested as an increased susceptibility to the bacteriolytic action of detergents and to cell-wall degrading action of lysozyme. The test species were subjected to treatments with gallic acid and thymol and subsequently to the detergents SDS or Triton X-100 or to lysozyme before and after exposure to in-vitro gamma irradiation. The significant lysis by Triton X-100 or by lysozyme did not occur in control cells before and after gamma irradiation, whereas SDS (anionic detergent probe) itself some-what had slight lytic effect on the control cells before and after exposure to in-vitro gamma irradiation. In this experiment, gallic acid and thymol caused no sensitization to lysozyme in P. aeruginosa. A marked lysis promoting effect was observed in P. aeruginosa in the presence of gallic acid and thymol at Triton X-100 (1%) and both concentration of SDS tested. Lysozyme exhibited a weak lysis in the gallic acid treated culture of E. coli, whereas culture treated with thymol remained unaffected. The exposure to gallic acid sensitized E. coli to great extend to SDS and Triton X-100 at both concentration tested. While with thymol caused slight sensitization in the Triton X-100 (0.1%) treated culture, however strongly sensitized E. coli culture to Triton X-100 (1%) and both concentration of SDS. There were no significant changes in all of the experiment results after exposure to in-vitro gamma irradiation than before. Plasmid DNA profile analysis of some isolated bacterial strains before and after in-vitro gamma irradiation: The plasmid from two highly antibiotic resistant tested strains of Pseudomonas aeruginosa (no.48),and Escherichia coli (no.27) were extracted and analyzed in agarose gel for detection of any changes before & after irradiation and also after treatment with permeabilizers in their plasmid profiles ( fig. (3) ). The plasmid analysis of Pseudomonas aeruginosa (Ps. 48) before any kind of treatment and after treatment with either irradiation or permeabilizer (Lane 1 & 2 & 3) showed a band with the same molecular weight (4000 bp) before irradiation and after treatment with gallic acid, and (3643bp) after irradiation with difference in Rf and amount after gamma irradiation, but no clear difference observed after treatment with gallic acid. The plasmid analysis of Escherichia coli (E. 27) showed one band with molecular weight (3714) changed to (3400) after exposure to gamma irradiation, also changing occur in its RF value and amount before and after irradiation. But there was no clear change in molecular weight, Rf and amount in this plasmid analysis after treatment with thymol.
Fig (3):
Agarose gel electrophoresis of extracted plasmids DNA. Lanes: M, mol. wt marker ( 1Kb DNA Ladder with molecular weight ranged from 250-10000bp ladder, Thermoscientific); lanes1&2&3 Pseudomonas aeruginosa isolate (Ps. 48) before, after irradiation, and after treatment with permeabilizer respectively and lanes 4&5&6 Escherichia coli isolate (E. 27) before, after irradiation, and after treatment with permeabilizer respectively.
Discussion
Infections caused by resistant pathogens result in significant morbidity and mortality, and contribute to rising healthcare cost worldwide. In spite of the availability of new antibiotics, emerging antimicrobial resistance has become an increasing problem in many pathogens throughout the world and rapid detection in clinical laboratories is essential for the prompt recognition of antimicrobial resistant organisms. Nosocomial infections are mainly caused by Gram-negative bacteria, due to intrinsic and acquired capabilities to develop resistance to antimicrobial agents; they are difficult to treat (Vinodhini et al., 2014) . The results obtained from this study revealed that, prevalence of microbial infection was in the order of urinary tract infections (UTIs) > ascitic fluid infections (AFIs) > blood stream infections (BSIs) > both respiratory tract infections (RTIs) and wound infections (puss swabs) > stool infections, and Gram-negative bacilli were much more common than Gram-positive cocci, which is in a good agreement with the results recorded by Khalili et al.,) 2012( .Also Sievert et al., (2013) found that, (70%) of all Gram-negative pathogens causing healthcare-associated infections. Gram-negative bacteria are common causes of intra-abdominal infections (IAIs), UTIs, nosocomial pneumonia, and bacteremia. This results revealed that, E. coli was found to be the most frequent pathogen within all kind of infections followed by Acinetobacter , Pseudomonas, Klebsiella, Enterobacter. This finding is in harmony with Sievert et al., (2013) who reported that, E. coli, Pseudomonas aeruginosa , and Klebsiella pneumoniae are important pathogens in the hospital setting, accounting for (27%) of all Gram-negative bacterial pathogens. The tested isolates showed high resistance to β-lactam antibiotics and non-beta lactam antibiotics (aminoglycosides, macrolides and quinolones), while being more sensitive to amikacin, colistin sulfate, meropenem and imipenem. The results agree with those got by Zaid, (2001). Also Singh et al.,(2014 ) stated that ,among Gram-negative bacteria, members of Enterobacteriaceae showed more resistance to ampicillin (91.7%), amoxiclav (86.5%), and gentamicin (60.9%), whereas for imipenem and meropenem a comparatively lower rate of resistance of (0.93%) and (12.6%), respectively. Natural products of various origin can alter the effect of antibiotics, be it increasing or reducing the antibiotic activity. The association between natural products and synthetic drugs has been studied in several works and the results are relevant and promising (Veras et al., 2013) . From the results obtained in this study, gallic acid (600 μg/ml) , ellagic acid (40Μm), thymol (500 μg/ml), chitosan (100ppm), EDTA (0.1mM), sorbic acid (5mM), quercetin (50μg/ml), epigallocatechin gallate (50 μg/m) had no antibacterial activity on the selected isolates. This finding is in agree with Patra, (2012) who stated that, Permeabilizers themselves may not be bacteriocidal, but they may potentiate the activity of other compounds, thus acting synergistically .In general, antibacterial activity of phenolic acids is stronger against Grampositive bacteria than Gram-negative bacteria. The outer membrane of Gram-negative bacteria provides them with a hydrophobic surface structure that is able to exclude certain molecules, making them inherently resistant to many antimicrobial agents including phenolic acids. So in this study; we tried to overcome this problem by making combination between natural products and antibiotics to increase their efficiency against bacterial pathogen, which is also recommended by others, Monte et al., (2014) who stated that, the use of dual combinations of antimicrobial drugs with positive in vitro interactions has become an important parameter to potentiate the therapeutic action of antibiotics. These combinations are expected to exert a synergistic effect or to reduce possible adverse side effects. The use of active compounds, such as phytochemicals, in conjunction with antibiotics could avoid the emergence of resistant variants that might otherwise arise during treatment. .The results in this study demonstrate that, gallic acid and thymol is effective OM permeabilizers, as they sensitize Gram-negative bacteria to hydrophobic antibiotics, these antibiotics are generally not useful in treating Gram-negative bacterial infections because they traverse the OM ineffectively. Abreu et al., (2013) explained that, gallic acid has proven to be an efficient permeabilizer, the OM disintegrating activity of gallic acid was suggested to be based on the chelation of divalent cations and to the partial hydrophobicity of this product, which promote the membrane destabilization. This study showed that, thymol had synergistic activity with different classes of antibiotics, resulting in increased activity of antibiotics against Gramnegative bacterial isolates, which is in a good agreement with others, Yap et al., 
stated that, the analysis of plasmid DNA of E. coli revealed that all the strains contained a heterogeneous population of plasmids ranging between >23.1 kb to 2.0 kb. In this study a comparison of the plasmid profiles of the tested isolates showed a definite difference in the molecular weight of the plasmid profile analysis before and after exposure to in-vitro gamma irradiation. This may explained by Ezzat et al., (2014) who stated that, exposure of bacterial cells to ionizing radiation presents an additional stress to the cells which tends to disturb their organization. Nucleic acids, especially DNA, are the primary target for cell damage from ionizing radiation. Gamma radiation induced three types of damage in DNA, single strand breaks, double strand breaks and nucleotide damage which include base damage and damage in the sugar moiety .The base damage is a major component of damage induced by ionizing radiation. Gamma irradiation also affects protein fingerprinting and enzymes. Also Farrag et al., (2014) detected that plasmid profile analysis of tested irradiated E. coli strains showed more extra-plasmid bands and/or difference in molecular weight.
Conclusion:
Our planet is saturated with antibiotics, which had a major contribution to the selection of resistant strains. Resistance mechanisms are pandemic and create an enormous clinical and financial burden on health care systems worldwide. Plant-based medicines are important therapeutic weapons to cure human diseases, and are of extremely relevance to pharmacology. The concept of antimicrobial synergy is based on the principle that, in combination, the formulation may enhance efficacy, reduce toxicity, decrease adverse side effects, increase bioavailability, lower the dose and reduce the advance of antimicrobial resistance. 
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